The inner walls of fused silica micro-capillaries were successfully coated 14 with polyaniline nanofibres using the "grafting" approach. The optical response of 15 polyaniline coatings was evaluated during the subsequent redoping-dedoping 16 processes with hydrochloric acid and ammonia solutions, respectively, that were 17 demonstrating that this platform can be used for the development of micro-capillary 28 integrated sensors based on the inherited sensing properties of polyaniline. 29
polyaniline coatings employed as a sensing material for the optical detection of 23 aqueous ammonia have a fast response time and a fast regeneration time of less than 5 24 seconds at room temperature. The coating was fully characterised by Scanning 25
Electron Microscopy, Raman Spectroscopy, absorbance measurements and kinetic 26 studies. The response of the coatings showed very good reproducibility, 27 demonstrating that this platform can be used for the development of micro-capillary 28 spectrometer was processed using Spectrasuite software provided by Ocean Optics 96
Inc. For clarity, the absorbance spectra recorded were smoothed using Origin software 97 using Savitzky-Golay algorithm. 98
Fused silica micro-capillaries coating protocol 99
The functionalisation of the inner walls of the micro-capillary with PAni nanofibres 100 was achieved using chemical polymerisation. The protocol used to coat micro-101 capillaries with polyaniline nanofibres is described in Figure 1 capillaries for 90 min at a flow rate of 0.25 µL min -1 ( Fig. 1 -A) . Later, the micro-109 capillaries were washed with ethanol, dried under nitrogen stream, and left at room 110 temperature for 24h. 111
Fresh solutions of aniline and the oxidant (ammonium persulfate) in 1M HCl were 112 prepared as follow: 82 µL aniline was added to 4 mL 1 M HCl solution; 0.050 g 113 ammonium peroxydisulfate was dissolved in 4 mL 1M HCl solution. Equal volumes 114 of the two solutions were rapidly mixed together in a micro-syringe and immediately 115 used to fill the micro-capillary (Fig. 4 -B) , which was after closed at both ends using 116 rubber septa. After about 10 min the solution inside the micro-capillary turns slightly 117 green which means that the polymerisation has started. The micro-capillary was left 118 on the bench over night. The next day the micro-capillaries were thoroughly washed 119 with water to remove any polyaniline nanofibres that were not attached to the inner 120 walls and any physisorbed materials. 
Polyaniline coatings imaging protocol 125
The polyaniline coatings inside the micro-capillary were imaged using scanning 126 electron microscopy (SEM) performed on a Carl Zeiss EVOLS 15 system at an 127 accelerating voltage of 3.87 kV. The micro-capillaries were cut using a SGT capillary 128 column cutter with rotating diamond blade (SHORTIX, Nederland) to create a smooth 129 cut of the micro-capillary wall. Then they were placed in vertical position in a custom 130 made metallic capillary holder that has holes of internal diameters equal to the 131 external diameter of the micro-capillary (375 µm). This set-up allows the micro-132 capillaries to be kept in vertical position. During the imaging process, the stage was 133 tilted of an angle between 0 -15° for better imaging of the inner wall of the micro-134 capillary ( Figure 2A) . 135
For imaging purposes, a flat silicon wafer was coated with polyaniline nanofibres 136 using the same procedure as the one employed for the coating of micro-capillaries. 137
For this, a polydimethylsiloxane (PDMS) layer containing a micro-fluidic channel 138 (100 µm x 50 µm x 2 cm) incorporating one inlet and one outlet was placed on top of 139 a silicon wafer. The obtained micro-channel (PDMS/silicon wafer) was coated with 140 polyaniline following the procedure described above. Prior imaging, the PDMS layer 141 was removed and the silicon wafer containing the polyaniline film was coated with 10 142 nm Au layer. The imaging was performed on a Carl Zeiss EVOLS 15 system at an 143 accelerating voltage of 5.75 kV ( Figure 2B) . 
Structural Analysis 165
Raman spectroscopy was used to characterise the chemical structure of the 166 polyaniline since this technique allows non-invasive, in situ analysis of the 167 polyaniline coating inside the micro-capillary. Raman spectroscopy showed that the 168 polyaniline coating is obtained in its half-oxidised emeraldine state [35] . In addition, 169
Raman spectroscopy was also employed to study the changes in the bonding structure 170 of the coatings upon doping-dedoping, as very distinct signature bands appear for the 171 quinoid and benzenoid rings, respectively [36, 37] . Figure 3A ( Figure 4A ) using the configuration described in Figure 3B . When hydrochloric acid 216 is passed through the micro-capillary, the polyaniline coating presents a green colour 217 (ES) as depicted in Figure 4A . When the ammonia solution reaches the surface of the 218 coating, the micro-capillary rapidly changes its colour -from green to blue ( Figure  219 4A -photos). This is due to the fact that when the emeraldine salt form of polyaniline 220 is exposed to a basic solution, such as ammonia, it undergoes deprotonation and it is 221 converted to the emeraldine base (EB) state which presents a blue color. The process 222 occurs on the imine nitrogen atoms as shown in Figure 3B . More specifically, the 223 To further investigate the reversibility of color change of the micro-capillary sensor 255 during the protonation/deprotonation processes, the absorbance at fixed wavelengths 256 was monitored while pumping HCl 10 -2 M and aqueous ammonia 200 ppm solutions 257 respectively, through the micro-capillary at a flow rate of 5 µL min -1 . The two 258 wavelengths monitored correspond to typical absorbance of emeraldine salt (827nm -259 polaron strech) and emeraldine base (600nm -exciton formation in the quinoid ring). 260
An absorbance reading was taken every 100 ms and no smoothing algorithms were 261 applied for the acquired data ( Figure 5) . Table S1 -Supplementary data). A plot of the 314 absorbance at 600 nm versus concentration of aqueous ammonia is shown in Figure 6 
